Objective. In our earlier study we have demonstrated that MCF-7 cell line expresses all three opioid receptor types, µ, δ and κ (MOR, DOR and KOR, respectively), but predominantly MOR. Morphine, as well as endogenous MOR-selective agonists, endomorphin-1 and endomorphin-2 were shown to decrease MOR gene expression in MCF-7 cells. Opioid antagonist -naloxoneproduced the opposite effect, increasing MOR gene expression. In this study we investigated and compared the influence of several opioid antagonists of alkaloid structure (β-funaltrexamine and naloxonazine) and of peptide structure: Methods. MCF-7 cells were incubated with opioids. The levels of MOR mRNA were assessed using quantitative real-time RT-PCR assay. Cell growth was measured by Mosmann tetrazolium salt assay.
Opioid receptors, which belong to the superfamily of G protein-coupled receptors, have been pharmacologically classified into three major types, designated µ, δ, and κ or MOR, DOR, and KOR, respectively, each distinct binding properties for various opioid ligands and with distinct localization and distribution SATOH and MINAMI 1995) . Opioid receptors and their ligands were identified mostly in the central nervous system, but more recently their presence in different cancer cells was also reported (FICH-NA and JANECKA 2004) .
Various studies suggest that opioids elicit a variety of biological effects that appear to be independent of their analgesic properties and may affect cell survival or proliferation (TEGEDER and GEISSLINGER 2004) . Since opioids are main drugs used for cancer pain management, understanding the impact of opioid drugs on cancer treatment besides pain control is extremely important. Several studies have shown a direct effect of morphine on cancer cells, but both growth-promoting and growth-inhibiting effects have been observed (TEGED-ER et al. 2003; FAROOQUI et al.2007; LIN et al. 2007 ).
Other studies have shown that not only morphine, but also the opioid antagonist naloxone can act directly on MCF-7 tumor cells and inhibit breast cancer growth in mice, however, the mechanism of this action remains unknown (GUPTA et al. 2002; TEGEDER et al. 2003; LIN et al. 2007) . Recently FAROOQUI et al. (2006) examined the cellular and molecular mechanism of naloxone antagonism of estrogen-dependent MCF-7 cell growth. Their results indicated that MOR might immunoprecipitate with estrogen receptor in the MCF-7 cells incubated with naloxone. Thus naloxone was shown to modulate tumor cell growth indirectly through the estrogen receptor. The authors postulated that naloxone-like compounds can be developed as novel therapeutics for breast cancer therapy.
In our previous study GACH et al. (2008) we have demonstrated that MCF-7 cell line expresses all three opioid receptor types, but predominantly MOR. Morphine, as well as endogenous MOR-selective ligands, endomorphin-1 and endomorphin-2 were shown to decrease MOR gene expression in MCF-7 cell line. Naloxone produced the opposite effect, increasing MOR gene expression.
In this study we investigated and compared the influence of several opioid antagonists of alkaloid, as well as peptide structure, on MOR up-/down-regulation and proliferation of MCF-7 cells.
Materials and Methods
Reagents. The MCF-7 cell line was kindly provided by Dr.Marek Rozalski (Institute of Pharmaceutical Biochemistry, Medical University of Lodz, Poland).
All standard cell culture reagents were obtained from Gibco-BRL (Bethesda, MD, USA). Trizol reagent was obtained from Invitrogen Life Technologies Inc. (Rockville, MD, USA). Primer pairs were designed using PrimerExpress software (Applied Biosystems, Foster City, CA, USA) and purchased from Integrated DNA Technologies (Coralville, IN, USA). Morphine sulfate, naloxone hydrochloride, naloxonazine dihydrochloride and β-funaltrexamine hydrochloride were purchased from Sigma-Aldrich (St.Louis, MO, USA). Peptide antagonists were synthesized in our laboratory using a standard solid-phase method, described previously FICHNA et al. (2007) . The structures of antagonists are shown in Fig. 1 .
Cell culture. The MCF-7 human breast adenocarcinoma cells were cultured in Dulbecco's minimal essential medium (DMEM) supplemented with glutamine (2 mM), gentamycin (5 µg/ml) and and 10 % heat-inactivated fetal bovine serum. Cells were maintained at 37 °C in a 5 % CO 2 atmosphere and grown until 80 % confluent.
Quantitative real-time RT-PCR assay. The expression of the MOR gene and ß-actin gene(a house-keeping gene) was quantified by real-time RT-PCR using ABI Prism 7000 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Total cellular mRNA (1 µg) was extracted from 10 6 MCF-7 cells using Trizol reagent and a single-step purification protocol CHOMCZYNSKI and SACCHI (1987) . RNA pellets were dissolved in water and their concentration and purity were determined by spectrophotometric readings at 260 and 280 nm. The relative amounts of the specific mRNAs were quantified by RT-PCR.
Extracted RNA was processed directly to cDNA using Oligotex kit (Qiagen, Chatsworth, CA, USA). To create standard curves, 2.5, 2.0, 1.5, 1.0, 0.5, and 0.25 µl of the cDNA for ß-actin and the target gene, were amplified in triplicate. Likewise, 2 µl of isolated cDNA for ß-actin, as well as 2 µl of cDNA for each primer/ probe combination, was also amplified in triplicate. Each sample, containing 0.3 µM of the respective forward and reverse primers and a fluorescent probe, was made up to 50 µl using qPCR TM Mastermix for SYBR Green I (Eurogentec S.A., Liege Science Park, Belgium) and amplified in a separate 96-well plate. All samples were incubated at 50 °C for 2 min and at 95°C for 10 min, and than cycled at 95 °C for 30 s, 56 °C for 1 min, and 72 °C for 1 min for 40 cycles. SYBR Green I fluorescence emission data were captured and mRNA levels were quantified using the critical threshold (C t ) value. Analyses were performed with an ABI Prism 7000 Sequence Detection System (Applied Biosystems). Controls without reverse transcription and with no template cDNA were inclouded with each assay. To compensate for the variations in input mRNA amounts and efficiency of reverse transcription, ß-actin mRNA was quantified and results were normalized to these values. Relative gene expression levels were obtained using the ∆∆ C t method WINER et al. (1999) . Amplification specific transcripts were further confirmed by obtaining melting curve profiles.
Incubation with opioids. The MCF-7 cells were seeded in 25 mL cell culture flasks in standard growth medium at a density of 2.5 x 10 5 cells/flask. After 24 h, the growth medium was replaced by a fresh growth medium, supplemented with the opioids in desired concentration. Cells incubated without opioid ligands were -7 M) incubated for 48 h with MCF-7 cells on MOR mRNA expression. Data represent mean ± SD of three independent experiments performed in duplicate. Statistical significance was assessed using one-way ANOVA followed by the Student-Newman-Keuls test (*** = p<0.001 significantly different from untreated cells regarded as control, 100 %). Cell proliferation. MCF-7 cells were routinely grown in Dulbecco's minimal essential medium, supplemented with glutamine (2 mM), gentamycin (5 µg/ mL) and 10% heat-inactivated fetal bovine serum. Optionally, β-estradiol (10 -8 M) or insulin (10 µg/mL) were added to the medium. Cells were maintained at 37 o C in a humidified atmosphere of 5% CO 2 in air.
Cells were seeded in 24-well ELISA plates at an initial density of 20 x 10 3 cells/well. All compounds were added to cultures 24 h after seeding. Cells were grown for additional 72 h. Cell growth was measured by the tetrazolium salt assay for cell viability as described by MOSMANN (1983) . Briefly, cells were incubated for 2 h at 37 o C with MTT [3-(4,5-dimethylthiazol-2-yl0-2,5-diphenyltetrazolium bromide] and the metabolically active cells reduced the dye to blue formazan product. The absorbance was measured at 540 nm and compared against a standard curve of known numbers of MCF-7 cells. All experiments were performed in triplicate.
Statistical evaluation was performed using Prism 4.0 (GraphPad Software Inc., San Diego, Calif, USA). The data were expressed as means ± SD. Differences between groups were assessed by a one-way ANOVA followed by a post-hoc multiple comparison StudentNewman-Keuls test. A probability level of 0.05 or lower was considered statistically significant.
Results
Effect of opioid antagonists on MOR mRNA expression in MCF-7 cells. MCF-7 cells were treated for 48 h with various concentrations of naloxone, ranging from 10 -8 to 10 -4 M. Total RNA was then extracted and the expression level of MOR mRNA was determined by quantitative real-time PCR. The concentration-dependent increase of mRNA expression was observed at lower concentrations (Fig. 2) . For further studies with MOR antagonists 10 -7 M concentration was chosen. The MCF-7 cells were incubated for 48 h with MOR antagonists (Fig. 1) : non-selective naloxone (Nal), MORselective β-funaltrexamine (β-FNA), MOR 1 -selective naloxonazine (Nxz) and three MOR-selective peptide antagonists, Dmt-Pro-Phe-D-1-Nal-NH 2 (I), Dmt-Pro-Trp-D-2-Nal-NH 2 (II), and Dmt-Pro-Phe-D-2-Nal-NH 2 (III), all at the concentration of 10 -7 M. For comparison opioid agonist morphine, at the same concentration, was also used. The effect of these compounds on MOR mRNA expression was quantified using quantitative real-time RT-PCR. As shown in Fig.3 , treating the MCF-7 cells with these antagonists up-regulated MOR mRNA levels as compared with untreated cells (considered as control, 100 %), but to a different degree. The most pronounced up-regulation of MOR was observed when the cells were treated with Nxz (150 % of control), while weaker effect was produced by Nal, β-FNA and peptide analogs (115-125 % of control). Opioid agonist, morphine, produced an opposite effect -down-regulation of MOR mRNA expression. Effect of opioid antagonists on proliferation of MCF-7 cells. Proliferation of MCF-7 cells was studied when antagonists were added to the culture medium directly or after pretreatment of the cells with ß-estradiol or/and insulin. Cell proliferation was not inhibited by incubation of the cells with any of MOR antagonists used in this study at a concentration range 10 -8 to 10 -4 M. The addition of ß-estradiol or insulin to the growth medium did not influence the results.
Discussion
Whereas the pharmacology and function of opioids have been extensively characterized in the central nervous system, little is known about their effect on nonneuronal systems. Opioid effects on tumor growth in vivo or cancer cell growth in vitro are very controversial.
Most of the studies concerning the role of opioids in cancer cell growth deal with morphine. Many cancer patients suffer from severe pain and are given morphine in high doses. GUPTA et al. (2002) showed recently that morphine promotes growth of breast cancer xenografts in nude mice by increasing angiogenesis. The proangiogenic activity of morphine was also observed by FAROOQUI et al. (2007) . Tumor-promoting effects of morphine have been found in mice that received an injection with leukemia or sarcoma cells ISHIKAWA et al. (1993) . However, inhibitory effect of morphine on MCF-7 cell proliferation at high concentrations (≥10 -5 M) was also reported TEGEDER et al. (2003) .
On the other hand, TEGEDER et al. (2003) showed inhibition of MCF-7 cell proliferation with naloxone, however at high concentrations (25 x 10 -5 M). FAROOQUI et al. (2006) reported that naloxone (10 -7 M) decreased MCF-7 proliferation in the presence and absence of β-estradiol.
In our earlier studies we have demonstrated the presence of MOR in the MCF-7 breast cancer cells, at pro-tein (FICHNA et al. 2005 ) and mRNA level (GACH et al. 2008) . We have also shown that selective MOR agonists, morphine and endomorphins concentration-and time-dependently down-regulated MOR mRNA levels, while naloxone produced a slight increase in the MOR gene expression.
Here, we compared the effect of naloxone and several other opioid MOR-selective antagonists on MOR mRNA levels in MCF-7 cells. We have found that all tested antagonists up-regulated MOR gene expression and the most pronounced effect was observed for MOR 1 -selective antagonist, naloxonazine.
However, none of the antagonists at concentration as high as 10 -4 M showed any antiproliferative effects on MCF-7 cells, neither in the presence or absence of β-estradiol. It seems that up-or down-regulation of MOR mRNA levels has no direct effect on proliferation.
